V. 3.3-SVWB-N LE SI MPLE WATER BALANCE MODEL CPERATI ON

| dentifier: SWB- Nl LE

Application: All prograns

Description: This Operation is based on the WAater Bal ance conponent
of the Nile Forecast System devel oped by the Technol ogy Transfer
Center of the NW6 OFfice of Hydrology. A detailed discussion of the
wat er bal ance nodel (known as the Sinple Water Bal ance nodel or SWB)
is given in a paper 'Sinple Water Bal ance Model for Estimating Runoff
at Different Spatial and Tenporal Scal es' [Schaake et al., 1996].

The following provisions, in addition to the basic conmponent of SWB,
are included in this (peration:

1. A precipitation multiplying factor is provided for possible use
during operational programrun. This precipitation multiplier
is only applied during the conputati onal period (i.e., period
with observed data).

2. The ET-denmand can be uniform throughout the day or can have a
fixed diurnal variation. The fixed diurnal ET-demand vari ation
expressed as percent/ 100 of daily ET-demand that is applied
each hour is:

Hour (Il ocal tine) Portion of ET-denmand

1-8 0. 00
9 0. 02
10 0. 05
11 0.10
12 0. 16
13 0. 20
14 0.18
15 0.14
16 0. 09
17 0. 05
18 0.01
19- 24 0. 00

Al l owabl e Data Tine |Intervals: 1, 2, 3, 4, 6, 8, 12 and 24 hours

Time Series Used: Tinme series used in this Operation are as foll ows:

Form of Data M ssi ng

Qut put Ti me Val ues
General Type Dm Units Use Required T.S. Interval All owed
Precipitation L VM I yes n/ a any no

(rai ntnel t)
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Form of Data M ssi ng

Qut put Ti me Val ues
General Type Dm Units Use Required T.S. Interval Allowed
Tot al Runoff L VM @) no repl aces any 1/ no
Pot ent i al L VM I no n/ a any no
Evapor ati on
Sur face Runof f L VM @) no repl aces any 1/ no
Gr oundwat er L VM no repl aces any 1/ no
Runof f
Soi | Misture L 3/ @) no repl aces any 1/ no
Contents 2/
Air Tenperature TEVMP DEGC I yes 3/ n/ a any no
Precipitation L VM I yes 3/ n/ a any no
(rai ntsnowfal l)
Wat er - Equi val ent L VM I yes 3/ n/ a any no
Frost Efficiency DLES PCTD @) no repl aces any 1/ no
I ndex 4/
Qbserved Snowfall L VM I no n/ a any no
1/ Must by an even nultiple of the data time interval for

4/

precipitation.

The first two elenents in soil noisture time series are soi

nmoi sture deficit in upper and | ower layers. The third elenment is
the total frozen soil depth. The fourth element is the total ice
content. The fifth elenent is the snow depth.

The units for the first two and the fourth el enents in soi
nmoi sture tinme series are in MM The third and fifth elenents are
in CM

Required only if frozen ground option is activated.

I nput Summary: The card input for this Operation is as foll ows:

Card For mat Col ums Cont ents

1 5A4 1-20 Description of area or runoff zone
3X, 12 24-25 Tinme interval for precipitation and
total runoff tinme series
7X, 2A4 33-40 Identifier of precipitation or rain+melt
time series
1X, A4 42- 45 Precipitation or rain+nelt data type
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Card For mat Col umms Contents
code
X, 2A4 53-60 ldentifier of total runoff tine series
(l eave blank if total runoff tinme series
i s not needed)
1X, A4 62- 65 Total runoff time data type code (I eave
bl ank if not needed)
2 1X, Ad 2-5 Surface runoff data type code
1X, A4 7-10 Groundwat er runoff data type code
1X, Ad 12-15 Soi | noisture data type code
1X, A4 17-20 Enter ' FRZE to use the frozen ground
option (bl ank otherw se)
1X, A4 22-25 Air tenperature data type code
1X, A4 27-30 Rai n+snowfal | data type code
1X, Ad 32-35 Snow wat er -equi val ent data type code
1X, A4 37-40 Frost Efficiency Index data type code
1X, A4 42- 45 Observed snowfall data type code
1X, A4 47-50 Enter 'PROT" to display detail ed output
for each tine interval (Bl ank
ot herwi se). For calibration, the nonths
to print are controlled by card 10)
4X, 11 55 Control to store water bal ance sumns:
0 = do not store suns
1 = store sums
3 2X, 2A4 3-10 Identifier for potential ET tine series
(blank if not used)
1X, A4 12-15 Potential ET data type code (blank if
not used)
5X, 12F5.2 21-80 ET- demand or PE-adj ustnent factor for
the 16th of each nonth (January-
Decenber). Daily values are conputed by
linear interpolation. |If PE data are
used, then val ue PE-adjustnent.
O herwi se the val ues represent ET-
demand.
4 F5. 2 1-5 PXADJ (precipitation adjustnent factor)
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- CAUTION: this factor nay have been
applied in a precedi ng snow nodel
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Card For mat Col umms Contents
Operati on

F5. 2 6-10 PEADJ ( ET-denmand adj ustnent factor)

F5.0 11-15 DMAX (maxi mum soil noisture storage
capacity in lower layer, MV

F5. 2 15- 20 KG (potential groundwater runoff,

MM DAY)

F5.3 21-25 ALPSM (fraction of |ower |ayer which
produces groundwater runoff, decinal
fraction)

F5.3 26- 30 ALPRT (maximum soil npisture storage
capacity in upper |ayer expressed as a
fracti on of DMAX, decimal fraction)

F5. 2 31-35 KDT (time scal e paranmeter controlling
infiltration process, 1/day)

4X, 11 40 Di urnal ET variation option - default is

Card 5 is needed if surface runoff,

uni formdistribution of daily ET-demand.
Enter value greater than zero to used

di urnal variation (see Table 1 for
variation pattern).

groundwat er runoff or soi

nmoi sture tinme series are generated.

5 2X, 2A4 3-10
2X, 2A4 13- 20
2X, 2A4 23-30
3X, 12 34- 35

Cards 6 and 7 are needed only if frozen ground nodel
is entered in colums 17-20 of Card 2).

specified (' FRZE

6 2X, 2A4 3-10
3X, 12 14- 15
2X, 2A4 18- 25
3X, 12 29-30
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ldentifier of surface runoff tinme series

Identifier of groundwater runoff tine
series

ldentifier of soil nmoisture tine series

Time interval of soil noisture tine

series

option is
Identifier of air tenperature tine
series

Ti me i nterval
seri es

of air tenperature tine
Identifier of precipitation
(raintsnowfall) tinme series

Time interval of rain+snowfall tine

seri es
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Card For mat Col ums Cont ents

2X, 2A4 33-40 Identifier of snow water-equivalent tinme
series
3X, 12 44- 45 Time interval of snow water-equival ent

time series

2X, 2A4 48- 55 Identifier of frost efficiency index
tinme series (blank if not used)

3X, 12 59-60 Time interval of frost efficiency index
tinme series (blank if not used)

2X, 2A4 63-70 I dentifier of observed snowfall tine
series (blank if not used)

3X, 12 74-75 Time interval of observed snowfall tine
series (blank if not used)

7 F5.1 1-5 KI MP (parameter of inpernmeable frozen
soil, no unit)
F5. 2 6-10 DSO L (soil density, G CwvB)
F5.3 11-15 POROCS (soil porosity, decimal fraction)
F5.3 16- 20 WAP (wilting point volunetric soil
nmoi sture, decimal fraction)
F5.1 21-25 CVI CE (coefficient of variation of ice
content distribution)
8 F5.1 1-5 SU (upper layer soil noisture, WMV
F5.1 6-10 SB (I ower layer soil noisture, MV

Card 9 is needed only if frozen ground nodel option is specified
('"FRZE' is entered in colums 17-20 of Card 2).

9 F5.1 1-5 FDP(1) (frozen depth in upper |ayer, CM
F5.1 6-10 FDP(2) (frozen depth in I ower |ayer, CM
F5.1 11-15 TDP(2) (thawi ng depth in upper |ayer,
c™M
F5.1 16- 20 '(I;DP( 2) (thawi ng depth in | ower |ayer,
F5.1 21-25 SDP (snow depth, CM
F5. 2 6-10 SDN (snow density, G CWB)

Card 10 is needed only if this is a calibration program and
detailed output is requested (' PROT" is entered in colums 47-50
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Card For mat Col ums Cont ents

of Card 2).

10 The first four fields specify the first
period for which detailed output is to
be printed. The second and third four
fields are for the second and third
periods for which detailed output is to
print ed.

3X, 12 4-5 Begi nni ng nmont h
1X, 14 6-10 Begi nning year (4 digits)
3X, 12 14- 15 Endi ng nonth
1X, 14 16- 20 Endi ng year (4 digits)
24- 40 Same information for second period of
detai l ed out put (sane format - | eave

bl ank i s not used)
44- 60 Third period of detailed output

Printed Qutput: During execution, this Operation contains the option
to print detailed output for each conputational time interval. This
out put consists of the state variables and ot her conputed quantities.
This output is quite volum nous and should only be requested when
really is needed. |In the Manual Calibration Program (MCP3), detail ed
out put can be obtained for sel ected periods specified by the user.

Error and Warni ng Messages: The error and warning nessages generated
by this Operation and the corrective action to take when they occur
are as follows:

A. Messages that can occur during setup

1. **ERROR** THE TI ME | NTERVAL( XX HOURS) FOR TYPE XXXX | S NOT
A MULTI PLE OF THE TI ME | NTERVAL(YY HOURS) FCOR TYPE YYYY.

Action: Specify correct time interval for the selected data
type.

2. **ERROR** ONE OR MORE TI ME SERI ES USED | N FROZEN GROUND ARE
NOT DEFI NED

Action: Define air tenperature, rain+snowfall and snow
wat er - equi val ent tinme series to be used in frozen ground
nodel .

3. **WARNI NG** X UNREASONABLE PARAMETER VALUES DETECTED AND
THEI R VALUES HAVE BEEN CHANGED

Action: Check all paraneter values to nmake sure they are
reasonabl e.

4. **WARNI NG** | NI TI AL STATE VARI ABLES CONTAI N | MPOSSI BLE
VALUES.
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Action: Check all soil nmoisture initial carryover values to
make sure they are reasonabl e.

5. **WARNING** | NI TI AL FROZEN GROUND STATE VARI ABLES CONTAI N
| MPOSSI BLE VALUES.

Action: Check all frozen ground initial carryover variabl es
to make sure they are reasonable.

B. Message during execution: None.

Carryover Transfer Rules: The following rules apply to the state
vari abl es during carryover transfer process:

1. SU - value is retained as long as it does not exceed
DMAX* ALPSM | f SU does exceed DVAX* ALPSM then the new
carryover is equal to ( DMAXO* ALPSMO)/ ( DMAX* ALPSM * SUO.

2. SB - value is retained as long as it does not exceed DVAX. |[f
SB does exceed DMAX, then the new carryover is equal to
DMAXO' DMAX* SUQ.

3. Frozen ground carryover variables are not changed.

Punch Card Limtation: The punch card formats for this Operation
are:

Par anet er or Punch Maxi num Preci sion After
Vari abl e For mat Val ue Deci nal Poi nt
DMAX F5.0 9999. none

SU, SB, FDP( 1), FDP( 2) , F5.1 999. 9 t ent hs

TDP( 1), TDP(2), SDP,
W CE(1), W CE(2), KI MP, CVI CE

PXADJ, PEADJ, KG, KDT, F5.2 99. 99 hundr edt hs
DSO L, SDN
ET-demand curve or F5. 2 99. 99 hundr edt hs

PE adj ustnent factor curve

ALPSM ALPRT, PORCS, WAP F5.3 9. 999 t housandt hs

Ref er ences:

Schaake, J.C.,Jr., V.l. Koren, QY. Duan, K. Mtchell and F. Chen,
"Sinple Water Bal ance Model for Estimating Runoff at Different
Spatial and Tenporal Scales', Journal of Ceophysical Research, Volunme
101, March 20, 1996.
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